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The relativistic constituent quark model of low-energy quantum chromodynamics is found to
yield a consistent picture of the electroweak structure of the nucleons. Notably, the electromagnetic
and axial form factors of both the proton and the neutron can be described in close agreement
with existing experimental data in the domain of low to moderate momentum transfers. For the
theory it is mandatory to respect Poincare´ invariance and to fulfill additional conditions like charge
normalization. Here we present covariant predictions of the one-gluon-exchange and Goldstone-
boson-exchange constituent quark models for the electroweak form factors of the nucleons and give
a critical discussion of the results in view of the point-form spectator model employed for the
electromagnetic and axial current operators.
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The explanation of the electroweak structure of the
nucleons and of other baryon ground states still repre-
sents a formidable problem. Even though the theoreti-
cal framework appears to be well founded in the stan-
dard model of strong and electroweak interactions and
a wealth of experimental data has been accumulated up
till now, one has not yet reached a conclusive understand-
ing of the electroweak and axial form factors, especially
of the nucleons, at low and intermediate energies. Of
course, the essential difficulties reside in the solution of
quantum chromodynamics (QCD) outside the perturba-
tive regime. Recently, calculations of the nucleon elec-
troweak form factors have become available from rela-
tivistic constituent quark models (RCQMs). The per-
tinent covariant results have turned out remarkable in
several respects. The RCQM assumes the nucleons to
consist of three constituent quarks and describes their
mass spectra in a Poincare´-invariantmanner. The theory
is formulated along relativistic Hamiltonian dynamics.
Thus one works a-priori with a finite number of degrees of
freedom rather than facing problems, such as regulariza-
tion and truncation, in a field-theoretical approach. The
symmetries of Lorentz invariance are strictly included by
fulfilling the constraints of the Poincare´ algebra. Simi-
larly the essential properties of (nonperturbative) QCD,
like the consequences of spontaneous breaking of chiral
symmetry at low energies, can be implemented in the
Hamiltonian or equivalently in the invariant mass oper-
ator defining the RCQM.
Elastic electroweak nucleon form factors have recently
been studied in the framework of relativistic quantum
mechanics. Specifically, working within the point form
[1, 2] allows to calculate all the desired observables in a
covariant manner. One has first produced the predictions
of the Goldstone-boson-exchange (GBE) RCQM [3] for
the electroweak structure of the nucleons using spectator-
model currents [4, 5, 6, 7]. The electromagnetic and axial
nucleon form factors were readily found to be remarkably
consistent with all experimental data at low momentum
transfers. Here, we add the corresponding predictions of
the one-gluon-exchange (OGE) RCQM by means of the
relativistic version of the Bhaduri-Cohler-Nogami (BCN)
model [8] as parametrized in ref. [9]. The results are col-
lected in Figures 1-3. There a comparison is given to
the predictions of the GBE RCQM, to the nonrelativis-
tic impulse approximation (NRIA) [4, 5, 6], and to the
existing experimental data. One observes only minor dif-
ferences between the RCQMs with different dynamics for
the hyperfine interaction (the solid and dashed curves
in Figures 1-3 are practically indistinguishable, except
for the neutron electric form factor GnE). The reason is
that the relevant components of the nucleon ground-state
wave functions are rather similar for both the OGE and
GBE RCQMs. The differences between the two types
of RCQMs become striking only for the excited states
[10]. From the form factor results in Figures 1-3 it is
also immediately evident that relativistic effects are of
paramount importance in all respects. The NRIA fails
completely.
In view of the existing results, one must ask why such a
consistent picture of the electroweak structure of the nu-
cleons can really come about by employing RCQMs; even
more so since a simplified model of the electromagnetic
and axial currents has been employed. Up till now the
full many-body character of the electroweak currents can-
not be tackled in a fully relativistic calculation. Rather
one has been resorting to simplifications. The results ex-
emplified here have been obtained within the so-called
point-form spectator model (PFSM) for the electromag-
netic and axial currents. The PFSM is characterized by
the fact that the intermediate boson couples only to one
of the constituent quarks in the baryon, while the mo-
mentum is transferred to the baryon as a whole. Among
the available forms of relativistic quantum mechanics, the
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FIG. 1: PFSM predictions for the elastic electric and magnetic form factors of the proton by the OGE and GBE relativistic
constituent quark models (dashed and solid lines, respectively). For comparison, the NRIA results of the GBE CQM are also
shown (dotted lines). Experimental data from refs. [13, 14, 15, 16, 17].
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FIG. 2: Same as Figure 1 for the neutron. Experimental data from refs. [18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39].
point form is specific in the respect that the approxi-
mated current operators preserve their spectator char-
acter in all reference frames [11]. One uses a covariant
(spectator-model) current operator and in addition fur-
ther symmetry requirements, like translational and time-
reversal invariance as well as charge normalization, are
implemented in the construction.
The concrete expressions for the reduced matrix ele-
ments of the PFSM current between three-body states of
quarks with individual momenta pi and spin projections
σi read
〈p′1, p
′
2, p
′
3;σ
′
1, σ
′
2, σ
′
3| Jˆ
µ
rd |p1, p2, p3;σ1, σ2, σ3〉 =
3N 〈p′1, σ
′
1| Jˆ
µ
spec |p1, σ1〉
2p20δ
3 (~p2 − ~p
′
2) 2p30δ
3 (~p3 − ~p
′
3) δσ2σ′2δσ3σ′3 . (1)
Here, the matrix element of the current operator between
one-body states of the constituent quark coupling to the
intermediate boson is taken of the form
〈p′1, σ
′
1| Jˆ
µ
spec |p1, σ1〉 = e1u¯ (p
′
1, σ
′
1) γ
µu (p1, σ1) , (2)
for the electromagnetic case, and
〈p′1, σ
′
1| Jˆ
µ
a,spec |p1, σ1〉 =
u¯ (p′1, σ
′
1)
[
g
q
Aγ
µ +
2fpi
Q˜2 +m2pi
gqqpi q˜
µ
]
γ5
1
2
τau (p1, σ1) ,
(3)
for the axial case, where u (p1, σ1) represents the four-
component Dirac spinor of quark 1; for more details of
the formalism see ref. [11]. Obviously, eq. (2) represents
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FIG. 3: PFSM predictions for the nucleon axial form fac-
tor. Same notation as in Figure 1. Experimental data are
represented as dipole parametrizations as in ref. [5].
the usual relativistic electromagnetic current for a point-
like particle, and eq. (3) is the conventional axial cur-
rent with the pion-pole term included. Now, there are
several important features to be noted about the PFSM
currents. First, all four components of the momentum
transfer q˜µ = pµ1 − p
′µ
1 to the struck quark are in general
different from the one of the momentum transfer qµ to the
baryon as a whole; q˜µ results uniquely from the specta-
tor conditions in eq. (1) and from the conservation of the
overall momentum qµ = Pµ − P ′
µ
(translational invari-
ance). Second, in the PFSM construction of the current
in eq. (1) a normalization factor N has to be introduced
in order to guarantee for the proper charge normaliza-
tion (of the proton)[40]. In principle, a Lorentz-invariant
form of the normalization factor N involves the inter-
acting masses M and M ′ of the incoming and outgoing
baryon states, respectively, and can be chosen in many
different ways [11]
N (x, y) =
(
M∑
i ωi
)xy (
M ′∑
i ω
′
i
)x(1−y)
, (4)
with 0 ≤ x and 0 ≤ y ≤ 1. From the electromagnetic
case, the exponent x is fixed to 3 so that the electric form
factor GpE yields the proper charge of the proton, see the
left panel of Figure 4. The exponent y can be constrained
specifically by exploiting time-reversal invariance. The
latter implies that in the Breit frame the expectation
value of the third component Jˆµ=3 of the current op-
erator has to vanish [12]. From the behaviour of N as
a function of y in the right panel of Figure 4 one finds
that y = 12 meets this constraint (for all values of the
momentum transfer Q2). It should be noted that the
normalization factor N entering into eq. (1) introduces
contributions from the interacting three-quark systems
in a non-separable manner and thus makes the PFSM
currents effective many-body ones.
In view of the constraints implemented in its construc-
tion, the PFSM is found to be specific, since it does not
only guarantee for the invariance of the transition ampli-
tudes under the transformations of the whole Poincare´
group (including space and time reflections as well as
space-time translations) but also allows to fulfill sup-
plementary requirements such as charge normalization.
All of these constraints are maintained in any reference
frame, because the point-form calculations are performed
in a manifestly covariant manner. One may suspect that
the relatively good performance of the PFSM approach is
due to the fulfilling of these additional conditions beyond
Poincare´ invariance.
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